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deep germanium detectors was used to stop up to 115 
MeV protons. This was the first attempt to use one 
of the new phosphorous-backed, transmission-mounted 
germanium detectors as a AE detector in our labora- 
tory. A typical spectrum for the scattering of 115 
MeV protons from 2 8 ~ i  at a 34O lab angle is 
in Figure 11. Preamplifier gains were reduced to 
eliminate the saturation problem previously mentioned. 
The observed spectral resolution of 180 keV was very 
near the minimum expected experimental resolution of 
150 keV. 
The versatility as well as the difficulties of 
using these detectors have been demonstrated during 
the past year. Work is continuing to improve and 
simplify their use in this laboratory. The problem 
of reliability will be partially solved by having a 
larger number of these detectors on hand, so that 
the failure of any one detector will not prevent an 
EXITATION ENERGY (MeV) 
Figure 11. Excitation spectrum for ineZastic proton 
scattering from 2 8 ~ i  at  115 MeV measured with the 
intrinsic-& detector system (1 80 keV FWHM resotution) . 
experiment from continuing. Our present stock con- 
sists of two 15 mm and two 10 mm thick detectors. 
We expect during 1979 to increase that number to 
four 15 mm, four 10 mm, two 5 mm and two 1 mm thick 
detectors. These detectors will be available to any 
user of the facility, although prior notification 
of their intended use is recommended. 
1) G. M. Crawley et al., this report, p.71 
2) P.P. Singh et al., this report, p.39 
Future Facilities 
Beam Swinger Faci Zity 
Work on the beam swinger facility1) for neutron 
time-of-flight measurements has progressed to the 
stage in which all three magnets are in position 
at the northwest end of the high-bay area (Fig. 12) 
and mechanical installation of beam, line components 
is being completed. Remaining to be done to com- 
plete installation with one hut on the 00 to 260 
line at 30 to 70 meters is completion of the beam 
dump, fabrication and installation of the Faraday 
cup, installation of beam line controls, extension 
of the radiation interlock system, and installation 
of power and signal cables to the hut stations. 
This work is expected to be finished in mid-February 
1979, with beam tests and first data runs on the 
facility to be carried out in late February. In 
preparation for use of the swinger system, the float- 
ing wire technique was used to determine proper 
operating conditions for the entrance (magnet 1) 
and swinger (magnet 2) magnets. These conditions 
can be parametrized in terms of the radii of curva- 
ture, p1 and p2, of the two magnets as function of 
the scattering angle 8 .  Thus, to set the system 
for a given angle for particles of a given Bp 
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Figure 12. Lwout of the experimentai area a t  IUCF sharing location of new fac i l i t i es :  beam-swinger system 
for n TOF 1181, pion spectrograph ( 1  7) and proposed polarized neutron production and scattering fac i l i t y  t o  the 
west of the QDDM spectrograph (12 ) .  
(momentum), one determines p l  and p2 from t h e  curves 
shown i n  Figure 13 ,  B1 and B2 from Bp and I1 and I2 
from B-I curves f o r  each magnet which have a l s o  been 
measured. 
Expansion of t h e  f a c i l i t y  t o  inc lude  de t ec to r  
s t a t i o n s  on t h e  240 - 50°, 480 - 74O f l i g h t  pa ths  
is  planned f o r  1979 a f t e r  experience has  been 
obtained on t h e  o0 t o  26O f l i g h t  path.  
QQSP Pion Spectrograph 
The l a r g e  s o l i d  angle ,  l a r g e  momentum b i t e  spec- 
trograph f o r  pion s t u d i e s  described i n  d e t a i l  i n  
l a s t  yea r ' s  report1) is c u r r e n t l y  being f ab r i ca t ed  
by Alpha S c i e n t i f i c ,  Inc.  of Hayward, CA. A con t r ac t  
f o r  t h e  des ign  and cons t ruc t ion  of a r o t a t i n g  support  
system f o r  t h e  spectrograph and i t s  associa ted  de- 
t e c t o r s  has  a l s o  been awarded t o  Alpha S c i e n t i f i c .  
A t a r g e t  chamber f o r  t h e  spectrograph has  been 
1 )  IUCF Techn. and Scient .  Report 1976, p. 26; designed and a con t r ac t  f o r  i t s  cons t ruc t ion  has  
i b i d .  1977, p. 24. 
I n  p a r a l l e l  wi th  t h e  QQSP t e s t s ,  checkout of t h e  
foca l  plane wire  chambers designed f o r  t h i s  system 
w i l l  proceed on t h e  QDDM spectrograph.  
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Figure 13. Radius of c u r v a t m  o f  proton tra;jectories 
i n  the beam-s7Jringer magnets as function of angle of 
incidence on target (measwed w i t h  the floating wire 
technique ) . 
been awarded t o  Prec is ion  Meta lcraf t ,  Inc.  of Man- 
ha t t an ,  Kansas. The chamber is b a s i c a l l y  a scaled- 
down vers ion  of t h e  one present ly  i n  use with t h e  
QDDM spectrograph. It uses  a s l i d i n g  s e a l  and can 
be ro t a t ed  t o  cover t h r e e  d i f f e r e n t  angular  ranges 
of measurements. The present  schedule c a l l s  f o r  
t h e  completion of a l l  cons t ruc t ion  by mid-June, 1979, 
wi th  i n s t a l l a t i o n  of t h e  system s t a r t i n g  a s  soon 
a s  t h e  equipment has  been de l ivered .  I n s t a l l a t i o n  
of t he  mechanical systems is  expected t o  be completed 
by summer when i n i t i a l  opera t ional  t e s t ,  f i n a l  f i e l d  
mapping, a -pa r t i c l e  r ay  t r ac ing ,  e t c .  w i l l  commence. 
1 )  IUCF Techn. and Scient .  Report, 1977, p. 23. 
Polarized Neutron Beam Line 
One of t h e  experimental f a c i l i t i e s  t o  be imple- 
mented a t  IUCF a f t e r  t h e  QQSP i n s t a l l a t i o n  is a 
h igh- in tens i ty  polar ized  neutron beam f o r  neutron 
energies  between 100 MeV and 200 MeV. I n  t h i s  beam 
l i n e  t he  primary proton beam, polar ized  i n  t h e  
v e r t i c a l  d i r e c t i o n ,  is de f l ec t ed  down by lo0,  passes 
through a 20 cm long l i q u i d  deuterium t a r g e t  (where 
t h e  neutrons a r e  produced) and i s  refocussed by a 
large-aperture quadrupole doublet  i n t o  a beam dump 
below f l o o r  l e v e l  loca ted  about 12 m downstream 
of t h e  t a r g e t .  The neutron beam is ex t r ac t ed  hori-  
zon ta l l y  from t h e  production t a r g e t ,  cleaned of 
charged p a r t i c l e s  by a "sweeping" magnet and passed 
through a neutron col l imator .  The design charac- 
t e r i s t i c s  of t h i s  channel a r e  pr imar i ly  given by 
the  requirements of exp. #80 ("Search f o r  Charge- 
Symmetry Viola t ion  i n  n-p Scat te r ing ,"  t h i s  r epo r t ,  
p. 1 5  ), bu t  an  at tempt i s  being made t o  keep the  
design v e r s a t i l e  f o r  f u t u r e  nucleon-nucleon ex- 
periments. The schematic layout  of t h i s  f a c i l i t y  
is i l l u s t r a t e d  i n  Fig. 3 on p. 1 7  of t h i s  r epo r t ;  
i ts  loca t ion  i n  t h e  experimental a r e a  of t h e  l a b  
is shown i n  Fig.  12. I n  Fig. 15  t h e  r e l a t i v e  sp in  
o r i e n t a t i o n s  and magnitudes of po l a r i za t ion  com- 
ponents a r e  shown. Here BM is  t h e  bending magnet 
producing t h e  100 downward bend of t he  protons,  
LD2 is t h e  l i q u i d  deuterium t a r g e t ,  and SM repre- 
s e n t s  t h e  sweeping magnet. The $+d&+p+p charge- 
exchange r eac t ion  a t  100 was chosen f o r  $ production 
Figure 14. Beam-shnger magnet assembly. Second swinger magnet on right,  neutron production target i n  between, 
and C. Goodmrm (ORNL) pointing out neutron ex i t  s lo t .  
because of t he  l a r g e  value of t h e  po la r i za t ion  t rans-  
f e r  coe f f i c i en t  Rt % -0.85 between 100 and 200 MeV 
(Ref. 1 . )  and the  r e l a t i v e l y  high concentrat ion of 
produced neutrons i n  a narrow peak of t h e  spectrum. 
The expected f l u x  of high energy neutrons 4 meters 
from t h e  production t a r g e t  is 5 x l o4  n/cm2-sec f o r  
an inc ident  polar ized  proton i n t e n s i t y  of 50 nA; t he  
expected neutron po la r i za t ion  Pn is about Pn % 0.55. 
Currently,  a l l  o p t i c a l  elements i n  the  proton 
beam a r e  being designed, including the  charged 
p a r t i c l e  sweeping magnet. The c losed-c i rcui t  helium 
r e f r i g e r a t o r  f o r  t he  cryotarget  has been ordered. 
The design of t he  associa ted  hardware such a s  t h e  
neutron col l imator ,  t he  proton beam dump and the  
0.2 l i t e r  t a r g e t  c e l l  t o  hold t h e  l i q u i d  deuterium 
w i l l  be c a r r i e d  out  e a r l y  i n  1979. Assembly of t he  
beam l i n e  can s t a r t  i n  t h e  autumn of 1979 and the  
f i r s t  t e s t s  of t h e  neutron beam can be expected e a r l y  
i n  1980. 
1 )  C. Amsler e t  a l . ,  Nucl. I n s t r .  Meth. 157, 203 
(1978). 
a r e  accepted by using a system of p lane-para l le l  vanes 
between t h e  luminous volume of gas and the  de t ec to r .  
The beam po la r i za t ion  is obtained a s  usual  from the  
a:* 15. l e f t  and t h e  r i g h t  count r a t e .  The instrument is 
1 fi 1 presen t ly  under cons t ruc t ion .  
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1 )  A.M. Cormack, J.N. Palmier i ,  N.F. Ramsey, and R. 8,. - 1.913 ya; = -35' Wilson, Phys. Rev. 115, 599 (1959). 
Figure 15. PoZaz4zation vectors (dark arrows) and Zongi- 
tudinaZ or transverse components f l igh t  arrows) for polar- 
ized neutron production set-up, showing spin orientations 
of beam before production target (LDZ) and of $ beam 
af ter  target and sweeping magnet (SMI. 
High-Energy Proton PoZdmeter 
I n  experiments using a polar ized  proton beam, 
i t  is p re fe rab l e  t o  monitor t h e  beam po la r i za t ion  
continuously during t h e  experiment by means of a 
polarimeter  downstream from t h e  t a r g e t .  Such a device 
should be s e n s i t i v e  t o  t he  po la r i za t ion  of protons 
between 100 MeV and 200 MeV. Addit ional  requirements 
include a l a r g e  e f f i c i ency  and easy use  of  t h e  in- 
strument. Exploratory measurements have l e d  t o  t he  
design of such a high-energy polarimeter  f o r  protons. 
Downstream from t h e  t a r g e t  t h e  proton beam 
t r ave r se s  a gaseous 4 ~ e  t a r g e t .  The analyzing power 
of p+a s c a t t e r i n g  peaks a t  A %  0.8 f o r  Tp=150 MeV 
and 0=750 (Ref. I . ) ,  where 8 is t h e  l a b  angle of t he  
r eco i l i ng  a -pa r t i c l e s ,  The l a t t e r  a r e  co l l ec t ed  with 
a p a i r  of l a r g e  s o l i d  angle de t ec to r s ,  s i t u a t e d  sym- 
me t r i ca l ly  t o  t h e  l e f t  and the  r i g h t  of t h e  beam. 
Only events  from a narrow range of s c a t t e r i n g  angles 
